Distribution and risk factors of
INTRODUCTION
Trichomoniasis is a sexually transmitted infection (STI) caused by the flagellated protozoan Trichomonas vaginalis [1] . In 2008, the World Health Organization estimated that 276 million new cases occurred worldwide, exceeding comparable estimates for both Chlamydia trachomatis and Neisseria gonorrhoeae [2] .
In women, T. vaginalis infection of the genital tract can present with vaginal discharge, which is classically frothy in nature and yellow-green in colour, unusual odour, vulvar itching and signs of vulvitis [3] [4] [5] . Some women may also present with lower abdominal pain and dysuria [6] . Asymptomatic infections are common and occur in up to half of all female cases [7] . Less is known about T. vaginalis infections in men; the majority do not experience any clinical manifestations although some may present with nongonococcal urethritis or, rarely, with balanitis [4, 5] .
As the symptoms of trichomoniasis tend to be mild or absent, the importance of the infection is often overlooked [8] . However, there is evidence that infection with T. vaginalis may be associated with reproductive health complications, including pelvic inflammatory disease and adverse pregnancy outcomes [3, 9, 10] . Importantly, T. vaginalis infection may also facilitate HIV transmission [11, 12] . The biological mechanism for the latter is poorly understood but probably involves inflammatory processes which may amplify viral shedding from the genital tract of HIV-seropositive individuals or, alternatively, lead to the recruitment of high levels of CD4 + and
other HIV target cells in HIV-seronegative individuals [13] . T. vaginalis infection can also promote changes in the normal vaginal flora and increase susceptibility to bacterial vaginosis, both of which are important co-factors for HIV transmission [14] . Current UK guidelines [British Association for Sexual Health and HIV (BASHH)] do not recommend routine screening for T. vaginalis infection in asymptomatic individuals [15] . Thus, not only is the prevalence of T. vaginalis infection probably underestimated, undiagnosed asymptomatic infections could help sustain transmission, potentially leading to poor reproductive health outcomes in affected populations [16] .
Little is known about the recent epidemiology and public health impact of T. vaginalis infection in England. We used comprehensive, patient-level data collected from all genitourinary medicine (GUM) clinics in England [17] , to investigate the distribution and risk factors of T. vaginalis infection and assessed whether the potential burden of infection could warrant a review of existing screening guidelines.
METHODS

Data source
We extracted data from the Genitourinary Medicine Clinic Activity Dataset (GUMCAD) which is the national STI surveillance and reporting system in England. GUMCAD collects anonymized patientlevel data on all diagnoses from, and services provided by, GUM clinics in England and includes extensive clinical and socio-demographic data associated with each patient attendance [17] .
In England, GUM clinics are commissioned as free, open-access services. STI testing and treatment is therefore available to a broad population base. All patients are offered basic screening for chlamydia, gonorrhoea, syphilis and HIV regardless of symptoms. Further testing (e.g. T. vaginalis infection, herpes simplex virus and non-STI conditions) is performed on patients who have STI-related symptoms. All clinical data are coded in the GUMCAD dataset using Sexual Health and HIV Activity Property Type (SHHAPT) codes, as defined by BASHH.
All GUM clinics in England are required to submit GUMCAD data. Two hundred and six GUM clinics submitted data in 2009 and 2010, and 209 GUM clinics submitted data in 2011. We included data on all attendances by individuals resident in England (3 221 854 attendances by 1 432 526 men and 3 363  563 attendances by 1 552 799 women) .
STI data on all T. vaginalis diagnoses in England since records began (1995) were also used to generate trend lines by gender. Data from 1995 to 2008 were sourced from the KC60 GUM clinic returns [18] , and data from 2009 to 2011 were sourced from GUMCAD returns.
Data management
All epidemiological analyses undertaken using GUMCAD data were restricted to first episodes (patients diagnosed with T. vaginalis infection) or first visits (all other patients). Individual patient records within each GUM clinic were linked by a local unique patient identifier which enabled removal of repeat attendances. A repeat diagnosis of T. vaginalis infection was defined as having a second occurrence at least 42 days after the first episode. The 42-day interval reflects the typical STI-specific episode length used to analyse GUMCAD data.
We used the 2010 English Index of Multiple Deprivation (IMD) score to provide an overall measure of deprivation at the small area level. The IMD score for each Lower Layer Super Output Area (LSOA) in England is calculated based on a broad range of issues which are experienced by people living within that geographical area [19] . In our study, the IMD score for all areas in England was categorized into five similar-sized groups and then mapped to the individuals in our dataset by LSOA of residence.
Linking patient records also allowed us to identify diagnoses of other acute STIs or vaginal conditions including candidiasis and bacterial vaginosis. Of those diagnosed with T. vaginalis, current infection with another acute STI (chlamydia, gonorrhoea, syphilis, first-episode warts, or first-episode herpes) or a vaginal condition (candidiasis or bacterial vaginosis) was defined as having any infection within 42 days either side of their T. vaginalis diagnosis. These patients were also defined as being newly diagnosed with HIV if they had a new diagnosis recorded within 42 days either side of their T. vaginalis diagnosis. For all other patients, diagnoses of STIs and vaginal conditions were limited to a period of 42 days after the date of their first visit.
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Data analysis
The socio-demographic and clinical characteristics of patients diagnosed with first-episode T. vaginalis were explored. Univariable analyses and multivariable logistic regression were used to investigate risk factors associated with presentation with T. vaginalis infection in English residents attending GUM clinics, with all patients who had not been diagnosed with T. vaginalis during 2009-2011 as the comparison group. Only data on first episodes (cases) or first visits (comparison group) were included in the analyses. Attendances of men reporting a homosexual orientation were excluded, as a contemporary discussion with local GUM clinic staff had shown that diagnoses of T. vaginalis were incorrectly coded in this patient group. Furthermore, male-to-male transmission of T. vaginalis is known to be a rare occurrence [20] . Risk factors associated with a diagnosis of T. vaginalis were tested for statistical significance using the χ 2 test.
Variables of interest included: age group, ethnic group, world region of birth, IMD score, Strategic Health Authority (SHA) of residence and diagnoses of other acute STIs or vaginal conditions. Those variables with a P value of <0·1 were included in the multivariable logistic regression model. Records with missing data on any of the variables were excluded from the regression modelling. Separate models were fitted for men and women. The presence of the first episode of T. vaginalis was taken as the outcome variable. All statistical analyses were performed using Stata version 12 (StataCorp, USA).
RESULTS
Trends in T. vaginalis diagnoses
There was a gradual increase in T. vaginalis diagnoses in England during the 1990s with cases peaking at 708 in 2001 for men and at 6430 in 2002 for women ( Fig. 1 ). Diagnosis numbers then rapidly dropped to their previous levels. A slow increase was then observed in both men and women up to 2009, when this trend showed signs of stabilizing. In 2011, however, there was a 13% increase in all cases seen. In total, 6216 new cases were diagnosed in GUM clinics in England, of which 93% occurred in women.
T. vaginalis in English residents
During 2009-2011, there were 16 794 episodes of T. vaginalis diagnosed in 15 366 patients. Just under half (48%) were white and 20% were black Caribbean. The characteristics of patients by both ethnic group and region of birth varied by gender; a higher percentage of men reported black Caribbean ethnicity or birth in the Caribbean. Rates of infection were highest in patients of black Caribbean or black 'other' ethnicity (which consists mainly of individuals who identify themselves as black British) and lowest in whites (Fig. 2) . Nearly a quarter (24%) of patients were aged 20-24 years, 43% lived in London and 15% in the West Midlands. Population rates were also highest in Local Authorities in these areas (Fig. 3 ). About half (46%) of all patients were living in the most deprived areas of England. 
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Risk factors for T. vaginalis
In the multivariable analyses, 11 929 women diagnosed with T. vaginalis were compared with 1 240 114 GUM clinic patients. Acute infection with syphilis (P = 0·186) and new HIV diagnosis (P = 0·458) were not significant by univariable analysis and were excluded from the final model. All other variables were included and remained significantly associated with a diagnosis of T. vaginalis (Table 1) . Similarly, 836 men diagnosed with T. vaginalis infection were compared with 1 036 056 GUM clinic patients. Acute infection with chlamydia (P = 0·859), herpes (P = 0·172) and syphilis (P = 0·224), and new HIV diagnosis (P = 0·896) were excluded from the final model. Independent risk factors associated with a diagnosis of T. vaginalis in men are presented in Table 2 .
For both men and women, the odds of T. vaginalis infection were higher in older age groups compared to those aged 20-24 years. Those of black Caribbean [women: adjusted odds ratio (aOR) 4·23, 95% CI 3·98-4·50; men: aOR 8·00, 95% CI 6·48-9·87] and black 'other' (women: aOR 4·13, 95% CI 3·80-4·49; men: aOR 5·75, 95% CI 4·22-7·83) ethnicity were significantly more likely to be diagnosed with T. vaginalis than those who were white. The adjusted OR for T. vaginalis infection for those born in the Caribbean was 1·27 (95% CI 1·16-1·38) for women and 1·63 (95% CI 1·28-2·09) for men compared to those born in the UK. The odds of T. vaginalis infection were significantly higher in women diagnosed with gonorrhoea (aOR 3·66, 95% CI 3·30-4·05) and chlamydia (aOR 1·58, 95% CI 1·49-1·68) but not in men diagnosed with these infections.
DISCUSSION
Using national surveillance data, we have described the epidemiology of T. vaginalis infection in English residents attending GUM clinics in England during 2009-2011.
Women were on average 15 times more likely to be diagnosed with T. vaginalis compared to men. This gender imbalance was expected as, first, it has been documented that the prevalence of T. vaginalis is generally higher in women [8] , and second, it is normal practice in GUM clinics to test women, but not men, with genital discharge for T. vaginalis infection.
Although the number of T. vaginalis diagnoses peaked in women aged 20-24 years, our analysis revealed that the odds of infection increased significantly with age, with those aged 40-59 years at greatest risk. Other studies have also reported an association between T. vaginalis infection and older age [21, 22] . The reasons for this association, which is in contrast to that of other curable STIs, are still a matter of speculation; however, the occurrence of asymptomatic and/or persistent infection may play an important role [23] . There is also evidence that T. vaginalis infection can be incidentally detected in older women through routine cervical screening [24] . However, the sensitivity of this technique as a diagnostic tool for T. vaginalis detection is low [25] .
The odds of being diagnosed with T. vaginalis infection were greatest in individuals of black ethnicity, in particular those of black Caribbean and black 'other' origin, as well as in those born in the Caribbean. Black ethnicity has previously been identified as a risk factor for T. vaginalis infection and could be explained by a combination of social and cultural factors which influence sexual mixing and individual behaviour [26] . Concurrency of sexual relationships and the number of sexual partners may differ by ethnic group [27] . Lack of condom use, unwillingness to access healthcare and high rates of douching may also contribute to the increased rate of infection in these populations [28] . A similar association with black ethnicity has been observed for bacterial STIs such as gonorrhoea and chlamydia, and for bacterial vaginosis [27, 29] , suggesting underlying risks are similar. The very high ORs associated with ethnic group observed in the univariable analyses fell considerably in the adjusted analysis, probably because of confounding effect of region of birth, IMD score and SHA.
Concurrent infection with T. vaginalis is commonly reported; especially co-infection with chlamydia or gonorrhoea [3, 21, 30] , and we found the same association in the women in our study population. It is possible that women who have either of these infections are more likely to present at GUM clinics with symptoms such as vaginal discharge, dyspareunia or lower abdominal pain, in comparison to those who only have T. vaginalis infection. As such, testing positive for T. vaginalis could be related to having another STI diagnosed. However, only a small proportion of our study population had a concurrent chlamydial or gonococcal infection. Although we have underestimated the frequency of T. vaginalis infection, we do not believe that our results are biased. Co-infection with either gonorrhoea or chlamydia has been associated with T. vaginalis infection in young women in 1682 H. D. Mitchell and others OR, Odds ratio; CI, confidence interval; IMD, Index of Multiple Deprivation. * Analysis based on first episode of T. vaginalis or first patient visit. Mixed ethnic group includes white and black Caribbean, white and black African, white and Asian and any other mixed background. Unadjusted and adjusted odds ratios calculated using logistic regression. † First episode of herpes. ‡ First episode of warts. [26, 30] . This adds to the suggestion that there may be similarities in behaviour and/or other socio-demographic risk factors between these populations. Acute STI co-infection was not associated with a diagnosis of T. vaginalis infection in men. We found no association between a diagnosis of T. vaginalis infection and a new diagnosis of HIV. However, as T. vaginalis infection has been implicated in the acquisition and onward transmission of HIV, future analyses could explore the incidence of HIV following a diagnosis of T. vaginalis. Other studies have found an increased rate of HIV seroconversion in patients with a previous diagnosis of T. vaginalis [31, 32] , which could have important implications for HIV transmission in at-risk populations in England.
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There are a number of limitations to our study. The influence of sexual behaviour could not be evaluated as these data are not collected within GUMCAD. It is likely that most of the patients in our study were diagnosed with T. vaginalis infection after presenting to a clinic with typical signs and symptoms. Although this information is not available in GUMCAD, this would reflect current UK guidelines which recommend testing in symptomatic patients only. As such, our comparison group may have included patients who were infected but undiagnosed, thereby inflating the differences observed. Testing for T. vaginalis is also dependent upon individual GUM clinic policies and practices. Few clinics may screen for T. vaginalis in asymptomatic patients and prevalence may be elevated as a result of these local practices [33] . Additionally, the type of test used could influence incidence estimates. Mahto et al. found that wet-film microscopy was the most common diagnostic approach used by GUM clinics in England. However, rates of infection were higher in areas where an alternative or additional confirmatory test (culture or acridine orange staining) was used [34] . Nucleic acid amplification-based tests (NAATs), including the FDA-approved APTIMA ® T. vaginalis assay are now available for use and offer a means of detecting T. vaginalis with higher sensitivity in both men and women, including asymptomatic women [24, 35] . Several clinics have assessed the use of these in their unique clinical settings and discovered increased detection rates compared to normal clinical practice (culture and/or wet-film microscopy as per UK guidelines) [36] [37] [38] . Data on test type are not available within GUMCAD which limits our ability to assess the impact of this within our study. There is no suitable SHHAPT code which would have allowed us to identify patients who received a negative test result for T. vaginalis. Thus, trend lines presented in Figure 1 may be a function of the number of symptomatic patients presenting at clinics, rather than a real representation of changes in T. vaginalis rates over time. Our findings show that T. vaginalis infection is strongly associated with black ethnicity and deprivation. It is important to note that black minority populations are more likely to be from deprived areas so are less likely to access private healthcare in relation to those of white ethnicity. However, the impact of this on our results is likely to be minimal since private healthcare is less well accessed in England [39] . At present, testing for T. vaginalis infection is restricted to individuals presenting with symptoms, which has important implications for onward transmission, particularly since a large proportion of infected individuals are asymptomatic. For those T. vaginalis cases that are detected, it is important to achieve successful outcomes for partner referral to ensure that re-infection is avoided. In England, all services are expected to initiate partner notification. This can take place either through patient referral (where the patient notifies their sexual partners of the need to attend a clinic for testing and treatment) or provider referral (where the service provider contacts sexual partners). Onward pathways of referral should be in place when a service is unable to fully undertake partner notification [40] . For T. vaginalis, epidemiological treatment should be given to any sexual contacts within the 4 weeks prior to presentation [41] .
Screening for T. vaginalis has previously been limited by insufficient diagnostic techniques. Both wet-film microscopy and culture lack sensitivity, particularly in men. However, the introduction of more sensitive NAATs has the ability to improve diagnosis. Testing can also be incorporated without additional clinic time since the same specimen can also be used to test for chlamydia and gonorrhoea [42] . The clinical performance of the APTIMA assay has been validated in both asymptomatic and symptomatic women [24, 35] . Further research is required to evaluate the cost-effectiveness and public health benefits of introducing targeted T. vaginalis screening in high-risk women in moderate to high prevalence settings, such as GUM clinics in London and the West Midlands, where prevalence of infection is highest.
Our study has provided a comprehensive and unique insight into the epidemiology of T. vaginalis infection in English residents attending GUM clinics by
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characterizing at-risk populations and identifying areas of higher prevalence. This information could inform public health interventions to improve sexual health and help raise awareness of this often neglected STI in policy-makers, clinicians and the general public.
